Summary. The gonadotrophic activity of sera from two mares treated either with human chorionic gonadotrophin or with crude ovine pituitary fsh as antigens has been studied in intact and hypophysectomized immature female and male rats. The studies were projected over a 4-year period during which time the mares were subjected to three and four sequences of immunization, respectively. 
increases ovarian and uterine weights in intact immature female rats, while 5 ml of serum tends to depress these weights because of the antifsh present in the serum. Thirty millilitres of serum approximately doubles the seminal vesicle and prostate weights in intact males, whereas the testis weights are either unaffected or depressed. Based on the ventral prostate responses in Sprague-Dawley hypophysectomized males, the serum is estimated to contain about 25-\g=m\gequivalents of nih-lh-s8/ml. Both the serum of this mare and that of an untreated non-pregnant mare depressed the ovarian ascorbic acid level significantly, but the slopes of the responses to graded doses were flat and thus lh values could not be estimated by this procedure.
The biological activity of the serum from the mare treated with hcg as an antigen has been previously described. In earlier studies, Long\p=m-\Evans hypophysectomized males, operated upon at 23 to 26 days, were used with treatment starting 15 days later. The testes were enlarged but the ventral prostate weights were unaffected by 16 ml of serum. In more recent findings, it has been found that if the animals are operated upon at 21 days and injections begun 4 days later significant ventral prostate weight responses can be obtained with 8 ml of serum. Attempts have been made to separate the gonadotrophic and anti-gonadotrophic activities in this serum by chemical fractionation. From the localization of activities in the \g=g\-globulin fractions ofthe ammonium sulphate\p=m-\ethanol procedure, and the \g=a\-and \g=b\-globulin fractions of the deae-cellulose procedure we conclude that the gonadotrophic and anti-gonadotrophic activities are not following any of the classical serum proteins for which
INTRODUCTION
Earlier studies showed that the injection of human chorionic gonadotrophin (hcg) as an antigen into mares resulted in high anti-HCG titres with subsequent increased secretion of fsh by the pituitary of the mare. The serum of the mare produced the following effects: (1) in immature female rats, the ovarian weights were increased about 50% and the uterine weights were doubled over those of uninjected controls; the number of larger follicles was increased but none reached mature size; (2) no detectable response was observed in hypophysectomized female rats with doses as high as 30 ml of serum ; (3) the weights of the testes of hypophysectomized male rats were 30 to 50% greater than those of controls, but the sex accessories were unaffected; and (4) the testes and sex accessories of intact immature male rats were un¬ affected by a 1 ml dose of serum; 5 or 30 ml of serum reduced the testes and sex accessory weights below those of untreated controls.
In the present paper we will report on the gonadotrophic activities in the serum of a mare treated with ovine pituitary fsh as an antigen. We will also report further studies on gonadotrophins in the serum of the mare treated with hcg as an antigen and describe preliminary attempts to separate chemically the gonadotrophic and anti-gonadotrophic activities in the serum.
MATERIALS AND METHODS

Gonadotrophins used as antigens
A commercial preparation of hcg with about 3000 i.u./mg was used. The fsh (supplied by C. H. Li) was a relatively crude ovine pituitary preparation; a total dose of 9 mg distributed in three daily injections produced ovaries weighing 45 to 60 mg in intact immature female Long-Evans (L-E) rats 23 days old at first injection. One-half of this dosage (4-5 mg) distributed in four daily injections produced a 265% increase over uninjected controls in the ventral prostate weights of Sprague-Dawley (S-D) male rats hypophysectomized at 21 days of age; injections were begun at 24 days, with autopsy at 28 days of age.
Rats used for assay
For studies on total gonadotrophic activity and for anti-gonadotrophic activity intact immature L-E female rats were used. Initially the rats were given the first injection on the 25th day with autopsy 96 hr later, but the uteri of some control animals were enlarged at this age. Therefore, in later studies the injections were begun at 23 days. Details of the assay for anti-HCG activity have been published (Snook & Cole, 1965) . To test for anti-FSH activity the serum was given in a single injection and the fsh administered over a 3-day period. By serially halving the dose, the smallest amount of serum which would completely inhibit the response to an amount of fsh which alone produced 45 to 60 mg ovaries was determined. Deutsch & Nichol (1948 Effect of the serum in intact and hypophysectomized immature female rats. shows the effect of 0-3 or 0-6 ml and of 5 ml of serum drawn subsequent to the third and fifth series of injections upon the ovaries and uteri of immature intact female rats. Note that toward the end of the third and fifth immunization series the ovarian and uterine weights are less than those of uninjected controls. This could be interpreted as being due to the inhibition of endogenous fsh of the rat. Five millilitre doses of serum depress ovarian and uterine weights below control levels in the period in which 0-3 ml or 0-6 ml stimulates these organs (Text-fig. 3 Although there is conflicting opinion concerning the necessity for lh in uterine development (Greep, 1961; Gemzell & Roos, 1966; Segaloff, 1966) , there is general agreement that fsh is required. Lostroh & Johnson (1966) report that neither ovine fsh nor lh alone has an effect upon the uterus of the hypophysectomized female rat. The marked weight responses of the uteri of rats injected with 0-3 ml of serum (Text- fig. 3 Chemical fractionation of antisera. Since the gonadotrophic response obtained with serum of mare 665a in the intact immature female rat, and probably also in the hypophysectomized male rat, is influenced by the anti-gonadotrophic activity of the serum, it seemed desirable to attempt to separate these two activities by chemical fractionation procedures. Table 6 shows the anti-gonadotrophic activity of the fractions obtained by ammonium sulphate-ethanol fractionation of 485 ml of serum of mare 665a. The albumin fraction contained very little anti-gonadotrophic activity. The bulk of the anti-gonadotrophic activity was found to reside in the y-globulin fraction which also contained some jS-globulins, although fraction OG, which contained the remainder of the serum globulins, showed the greatest specific activity. When the y-globulin fraction was subjected to further fractionation, most of the anti-gonadotrophic activity was found in the fractions comprising the y t-and y2-globulins. Fraction GG-AA, which consisted largely of /?-globulins contained very little anti-gonadotrophic activity, while fraction GG-As, the supernatant remaining after precipitation of the remaining globulins with 25% t Weights of organs of six uninjected controls killed on same date were used in determining significance. The weights of the ovaries and uteri of these three control groups were combined and used to test significance of weights of organs obtained with other fractions which had no concurrent controls.
ethanol at pH 7-4, contained no measurable anti-gonadotrophic activity. Fractions GG-A1B and GG-A2B containing, respectively, the y^globulins and 7i-plus y2-globulins showed the greatest degree of purification. The fact that the estimated recoveries exceeded 100% (Table 6) is probably due to an error in properly estimating recovery rather than an error in properly determining the anti-gonadotrophic titres in the original serum.
Tests for gonadotrophic activity in the same serum, and in the fractions obtained by ammonium sulphate-ethanol fractionation are shown in Table 7 . Doses of 2-5 and 5 ml of whole serum produced statistically significant increases in ovarian and uterine weights. Generally, those fractions (GG and GG-A2B) which contained the bulk of the anti-gonadotrophic activity gave the best gonadotrophic response. However, a 2-ml serum equivalent of the albumin fraction A, which contained very little anti-gonadotrophic activity, caused a significant increase in uterine weight. The ovarian weight response was sig¬ nificantly decreased by 2-5-ml serum equivalents of fraction GG-As and 5-ml serum equivalents of fraction OG. Fraction GG-A2B, which represented the greatest degree of purification of anti-gonadotrophic activity also gave the best gonadotrophic response.
Three experiments were conducted to test the effect of fractionating a pooled sample of mare 665a serum on DEAE-cellulose. In the first two experiments a convex gradient was employed, whereas a linear gradient was used in Experi¬ ment 3. A typical elution diagram obtained when 60 ml of pooled serum from mare 665a (6th and 15th February 1963) was chromatographed on DEAEcellulose is shown in Text- fig. 1 . A similar pattern was obtained when normal horse serum was chromatographed on DEAE-cellulose, but the heights of the peaks were different.
Anti-gonadotrophic activity was found in all fractions in each experiment. Fraction G in all cases was found to contain very little anti-gonadotrophic activity. In the first experiment the bulk of the anti-gonadotrophic activity was found in fractions C and D. In the last two experiments, where an attempt was made to divide fraction into two parts, the bulk of the anti-gonadotrophin was found in fractions B2 and C. Fraction B2 was found to migrate in electrophoresis with a mobility similar to the /^-globulins ; fraction C contained components which migrated with mobilities similar to the a-and ß-globulins. prostate response approximately equivalent to 8 to 20^g of nih-lh-s8 in the hypophysectomized L-E 25-day-old male rat and 24 to 34^g in the 23-day-old S-D male rat. This is more than 100 times the highest levels of lh reported to be present in rat plasma by Nallar, Antunes-Rodrigues 8c McCann (1966) and in rat, cow and sow plasma by Anderson & McShan (1966 Albert, Derner, Rosemberg & Lewis (1965) found that tannation increased the ovine lh potency four-fold in the VPW assay and reduced the lh potency by more than half by the OAAD assay. We (unpublished) The lh contaminating 'specially prepared' fsh has been reported by and (1965) show that the discrepancy between the OAAD method and their direct luteinization method is still more striking for nih-fsh-s1.
One explanation for the discrepancy in the lh estimation by the OAAD and VPW systems is that there exist differences in the chemical and physical nature of the lh in equine serum and the lh in the ovine standard. Parlow (1963) Reichert & Nalbandov (1965) in measuring the ovarian ascorbic acid depletion activity of the plasma of adenohypophysectomized cockerels found that the resulting dose-response curve did not deviate from parallelism, but they presented no data.
Several investigators (Pelletier, 1964; Frankel et al., 1965; Anderson & Bradish, 1965) have reported the presence of ovarian ascorbic acid depletion activity in the plasma of hypophysectomized animals, which could not be detected by other assays for lh. These workers did not, however, rule out the possibility that luteinizing hormone releasing factor may have accounted for the depletion of ascorbic acid. Nallar & McCann (1965) (Tables 2 and 3 ).
The gonadotrophic activity has not been separated from the anti-gonado¬ trophic activity in the serum either by ammonium sulphate-ethanol fraction¬ ation or by fractionation on DEAE-cellulose in these very limited series. By both fractionation procedures, the bulk of the anti-gonadotrophic and gonadotrophic activities were found in the same fractions. In the study where ammonium sulphate-ethanol fractionation procedure was used it was difficult to associate the gonadotrophic and anti-gonadotrophic activities with any particular globulin fraction, as both the globulin fractions showed good gonadotrophic and anti-gonadotrophic activities. When the fraction consisting largely of y-globulins was subjected to further fractionation, both gonadotrophic and anti-gonadotrophic activities were concentrated in the yx-or y2-globulin fractions and little activity was found in the /?-globulin fraction. On the other hand, when the antiserum was fractionated on DEAE-cellulose, the bulk of the gonadotrophic and anti-gonadotrophic activity appeared to be associated with the fractions containing a-and /?-globulins. The fraction comprising largely the y-globulin showed only slight gonadotrophic and moderate anti-gonadotrophic activity.
Although there appears to be some discrepancy as to which serum fraction contains the bulk of the gonadotrophic and anti-gonadotrophic activity in the results obtained with the two procedures employed, it should be noted that fraction OG which contained the globulins other than the y-globulins and some jS-globulins showed a greater degree of purification than the y-globulin fraction.
The results of these two fractionation procedures are not strictly comparable because the same serum sample was not used in both fractionation procedures. The results of this study agree well with the findings of Harrington & Rowlands (1937) that anti-gonadotrophic activity resides in the globulin fraction. Deutsch & Nichol (1948) , employing an ammonium sulphate-ethanol fractionation scheme upon which ours was based, found that the antibodies in horse serum were distributed among serum fractions showing a wide variation in electrophoretic mobility. They found that the majority of the antibodies were located in the y^a nd y2-globulin fractions. Recently, Donini, Puzzuoli, D'Alessio, Lunenfeld, Eshkol & Parlow (1966) have reported that when rabbit antiserum to hcg was fractionated on DEAE-cellulose, the anti-HCG activity was associated with the y-globulin and y-plus ß-globulin fractions.
The appearance of gonadotrophic activity in the a-and /J-globulin fractions of the antiserum following chromatography on DEAE-cellulose agrees well with the results reported by Pennell (1954) , Antoniades, McArthur, Pennell & Ingersoll (1956) , Antoniades, Pennell, McArthur, Ingersoll, Ulfelder & Oncley (1957) , McArthur & Antoniades (1961) (McArthur et al., 1964) indicate that the albumin fraction of human menopausal plasma contains fsh activity.
It is obvious, however, from the localization of activities in the y-globulin fractions of the ammonium sulphate-ethanol procedure, and the a-and ß-globulin fractions of the DEAE-cellulose procedure, that the gonadotrophic and anti-gonadotrophic activities are not following any of the classical serum proteins for whose separation these procedures were developed. These results also suggest that the sequential use of both procedures may eliminate most of the contaminating serum proteins.
